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PRESSURE FILTRATION DEVICE AND METHOD EMPLOYING A
DEPRESSURIZING CHAMBER AND MATERIAL TRANSPORT

BACKGROUND OF THE INVENTION

This invention relates to a filtration device and associated method for
separating a slurry into solid and liquid phases. More particularly, this
invention relates to a pressure filtration device and assdciated method for
continuously separating solid phase material from a slurry and rapidiy
depressurizing that material.

In the production and processing of chemicals, itis frequently
necessary to separate solid material from a slurry. For-example, slurries are
produced by chemical reactors and precipitation units. Solid material ié
typically separated from the slurfy by filtration or centrifugal separation.
Suitable filtration methods include gravitational, vacuum-assisted and
pressure filtration. For example, in the pfoduction of purified terephthalic

acid, crystals of terephthalic acid are conventionally separated from a slurry

using a rotary vacuum filtration unit. The filtration unit has a cylindrical filter

drum rotatably mounted inside a housihg. As the slurry is fed into the
filtration unit housing, a pressure differential is created inside the filter to
move the liquid portion of the slurry through the filter media. The crystals
are deposited in a layer on the outer cylindrical surface of the drum.
Following sebaration of the solid material from the slurry, the solid
material removed from the filter media, typically as a cake of solid phase

material, prior to subsequent processing or disposal. In some applications,
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jet of pressurized gas removes th  solid material from the filter media and
pushes that material to a discharge outiet Where pressure filtration is used,
certain processes may require that the solAid material is discharged to lower
pressure (such as atmospheric conditions) for downstream processing. For
continuous processing operations, it may also be desired that the pressure
differential in the filtration unit not be significantly disrupted. -

U.S. Patent Number 5,093,001 discloses a pressurized filtration unit
that has a pair of vaives at the output to provide for the discharge of
material: This patent is incorporated by reference herein. That
cohﬁguration, however, is nof sufficient to solve the pressure control problem
and to maintain a higﬁ level of throughput of material through the filtration:
unit. U.S. Patent Numbers 5,589,079 and 5,470,473 disclose a pair of valve
units and hoppers that provide for batch processing of solid material from a
pressurized filtration unit These patents are incorporated by reference
herein. Each valve unit may have a dome-shaped valve member. In
operation, solid material is discharged from the filtration unit into a first
hopper. A valve unit attached to the first hopper seals that hopper while the
pressure is equalized between the first hopper and the second hopper. That
pressure is intermediate the initial pressure and the final, lower pressure,
After the pressure is equalized between the hoppers, the solid material is
then transferred to }he second hopper. The second hopper is depressurized
to the final, lower pressure, and then the solid material is discharged to a

storage vessel or conveyer. While the disclosed apparatus and method are
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superior to prior devices and methods, that apparatus and method are .
limited to batch processing of solid material. Th 'mum-stage, batchwise
processing requirements create a bottieneck that preclude high séeed,
continuous throughput of material. The valve units and pressure |
equalization équipment also require frequent maintenancé to keep that
equipmeni working efficiently. Thus, there is a need fora pressure filtration
unit that provides for continuous processing of solid mate_ﬁal. In particular,
there is a need for a pressure filtration apparatus that provides fqr the
continuous processing of slurry by répidly decompressing solid phase
material separated from the slurry while maintaining the pressure difference
between the filtration unit and the downstream equipment. |
SUMMARY OF THE INVENTION

An assembly for continuously recovering solid phase material from a
slurry comprises, in accordance with the present invention, a pressurized
filtration unit including a vessel having filter media for separating the solid

phase material from the slurry. The filtration unit has a slurry input and,

| optionally, a source of inert gas. A liquid outlet discharges liquid phase

material from that uriit._ Gas can also be discharged through the liquid outlet,
depending on the design of the filtration unit. A solids outlet discharges
solid phase material from the filtration unit, Thé filtration unit can optionally
include a washing apparatus for dispensing a washing fluid or liquor onto a
cake of material that is deposited on the filter media. The washing fluid is

displaces other fiquids and/or impurities in the cake.
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A material transport continuously moves solid phase material from the
solids outiet of the filtration unit to a depressurizing chamber. The
depressurizing chamber has a lower preséure than the filtration unit to
facilitate subsequent processing of that material. As the solid phase material
is transported into the depressurizing chamber, that material is directly and
rapidly depressurized to the lower pressure of that chamber.
Advantageously, the rapid depressurization can cause “flashing” of the solid
phase material, which removes residual liquid, gas and volatile substances
from that material. The depressurizing chamber may further include one or
more outlets for releasing the vapor, gas and/or volatile substances from that
chamber. The depressurizing chamber can contain an inert gas to stabilize
reactive or otherwise unstable solid phase material. Any suitable
conveyance can remove the solid phase material from the chamber for
subsequent processing, such as drying.

The matenial transport generally includes an inlet for receiving solid
phase material from the solids outlet of the filtration unit. That material is
discharged under pressure into the material transport inlet. It is a feature of
the present invention that the material transport maintains the pressure
difference between the filtration unit and the depressurizing vessel. The
solid phase material is transported to an outlet whers it is discharged into
the depressurizing chamber. That material is rapidly depressurized as itis
exposed to the lower pressure of the depressurizing chamber.

In another aspect, a system of one or more filtration units,
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depressurizing units and material transports is provided. Such a system car;
further include one or more chemical reactors or precipitators that provide a
source of slurry to the filtration units. One or more downstream coﬁveyofs
and/or dryers can aid in further processing of the solid phase material. The
conveyor may be a screw conveyor or other type of mnveﬁnw.

In accordance with another aspect, a method for separating solid
phase material from a slurry includes the steps of (a) pmviﬁing a filtration
unit having a vessel maintained at a first pressuré and having filter media,
(b) introducing a slurry to the vessel, (c) separating the slurry into a solid
phase material and a liquid phase material, (d) continuously transporting the
solid phase material to a depressurizing chamber while maintaining ﬁjd
préssure difference between the ﬁltratién unit and the chamber, and (e)
rapidly depressurizing the solid phase material as it enters the
depressurizing chamber. The solid phase material is maintained at
substantially the first pressure until it enters the depressurizing chamber,
although a minor amount of controlled pressure leakage during
'transportation of the solid phase material may be pennitied. Further steps
include (f) providing the slurry from a chemical reactor; and (g) conveying
the depressurized solid phase material to a dryer.

BRIEF DESCRIPTION QF THE DRAWING

FIG. 1 is a side view of a pressurized filtration unit with portions of the
vessel wall cut away;

FIG. 2 is a flow diagram of one embodiment of a pressurized filtration
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system; and
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring to Figure 1, there is gene'raliy indicated an assembly for
separating solid phase material from a slurry 5. The assembly includes a
filtration unit 10 with a solids outlet 12 for discharging solid phase material
separated'from the slurry by filtration unit 10. A liquids outlet 11 provides for
the discharge of liquid phase material and, optionally, gaseous material. A
material transport 15 is connected to filtration unit 10 at solids outlet 12,
Optionally, the filtration unit 10 and material transport 15 can be
interconnected by an adapter 14, Such an adapter 14 is particularly useful
for retrofitting filtration units. Material transport 15 is connected at its
downstream side to a dépressurizing chamber 20. Chamber 20 preferably
has one or more outlets 25 for the discharge of vapor, ga's and/or volatile
substances (generally “vapor”) from that chamber 20. Chamber 20 can be
further connected to a conveyer and/or dryer (not shown) far further
processing of the solid phase material. |

Filtration unit 10 includes a vessel 13 for containing the sturry 5 and
filter media 8. The filtration unit 10 can be any device for separating the
slurry 5 into solid phase and liquid phase materials, Because filtration unit
10 is pressurized, it is advantageously either cylindrical or spherical,
although other configurations are possible. For example, filtration unit 10
can be a pressurized, rotary drum filtration unit as disclosed in U.S. Patent

Nos. 5,589,079; 5,470,473 and 2,352,303, the disclosures of which are
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incorporated by reference herein. Slurry § is provided to filtration unit 10
from a suitable source, such as, for example, a cherﬁical reactor or
precipitation unit (not shown). The slurry 5 is fed into the ﬁltréﬁoﬁ unit ‘iO
through aninlet 3. The inlet 3 can be located and structured to introduce the
slurry 5 into the unit 10 according to the design and function of that
particular filtration unit, which is well known to those skilled in the art. Other
pressurized filtration units, such as pressurized disc ﬁltervunits, are also
suitable for use in the present invention. |

Filtration unit 10 is pressurized to facilitate separation of tﬁe slurry 5
into solid phase material and liquid phase material by filter media 8.
Filtration unit 10 is pressurized, according to the design of that unit. For
example, referring to Figure 1, filtration unit 10 is pressurized from a source
30 of pressurized gas, such as an inert gas. Other methods of pressurizing
filtration-unit 10 are possible, such as introducing a pressurized slurry into
unit 10.

The filter media 8 separates the slurry into liquid phase and solid
phase material. Filter media 8 is selected according td the siurry being
separated. For example, filter media 8 can be a layer of cloth fiber or
stainless steel provided along the outer surface of a steel drum. For certain
applications, the filter media is preferably capable of withstanding elevated
temperature as well as elevated pressure. As used herein, “liquid phase
material” means liquid separated from the slurry, although that liquid may

contain some suspended solid material. The term “solid phase material”
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means the material that is separated from that slurry by the filter media 8,
such as a “cake” that is deposited on that filter media. The solid phase
material may also contain substantial quuid, such as, for example, liquid that
is not separated from the solid phase material and/or washing fiuid. The
temperature of the solid phase material can be greater than the atmospheric
boiling point of the liquid contained in that material. For such hot material,
when that material is rapidly decompressed, or flashed, the liquid rapidly
vaporizes as the pressure, or pressure and temperature, are lerred. For
example, when a pressurized solid phase material, that contains water and
has a temperature greater than 212°F, is rapidly depressurized to
atmospheric pressuré, the water in that material will rapidly vaporize to form
vapor. Other pressurized, heated, liquid-containing solid phase material can
be processed using this eqﬁipment

Filtration unit 10 may optionally include a washing appératus 7 for
dispensing a washing fluid or liquor onto a cake that is deposited on filter
media 8 during the filtration process. The washing fluid can be cjected
under pressure through the cake or solid phase material and into the filter.
The washing fluid may displace residual moisture in the cake, remove
impurities in the cake and/or displace the liquid in the cake with the washing
fluid. For example, the washing fluid can be water that is used to displace
acetic acid from terephthalic acid crystals before that material is discharged
from the solids outlet 12. A suitable washing apparatus may include, for

example, headers spanning vessel 13 that eject the washing liquid into the
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cake, Other washing fluid and apparatuses are possible. .

The solid phase materisl can be discharged frorﬁ th filter media by
any suitable mechanism, as will be apprecdiated by those skilled in. the aﬂ .
For example, a jet of pressurized gas from inside.the rotating cylindrical filter -
can push a deposited cake from the outer surface of the filter media and into
the solids outlet 12. Similarly, the cake can be mechanically removed from
the filter media 8 by a scraper or similar device (not shM). Other -
apparatuses for discharging solid phase material from the filtration unit are
possible and within thé scope of the present invention.

Material transport 15 has an inlet 16 for receiving solid phase material
from the solids outlet 12 of the filtration unit 10. Because inlet 16 isin-
communication with filtration unit 10, that inlet is pressurized. Material
transport 15 moves solid phase material to an outlet 18. The movement of
solid phase material is preferably continuous such that that material moves
from the inlet to the outlet without stepwise decompression or equalization of

pressure between the filtration unit 10 and the depressurizing chamber 20.

Material transport 15 maintains the pressure difference between the filtration

unit 10 and the depressurizing chamber 20 while the solid phase material is
being continuously moved through that apparatus. For example, as
iltustrated in Figure 1, material transport 15 cah be a rotary valve. That
valve has a plurality of rotatably mounted vanes 19. As solid phase material
is deposited between the vanes, it is moved to outlet 18, Vanes 19

preferably sealingly engage the inside surfaces 17 of the rotary valve to
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maintain the pressure difference between the filtration unit 10 and the
depressurizing chamber 20. Vanes 19 can also permit a minor amount of
controlled leakage of pressure past those \}anes, such that the cake on the
filter media 8 is not displaced and such that the pressure difference is
maintained between the filtration unit 10 and the depressurizing chamber 20.
Other materia! transports 15 are possible.

Material transport 15 is operated by any suitable mechanism. For
example, referring to Figure 1, material transport 15 is operated by drive 40
and bearing assembly and driveshaft 41. Drive 40 may be, for example, an
eledn'c motor or combustion engine or other device for providing mechanical
power to material trarispoﬂ 15.

Depressurizing chamber 20 has a solids inlet 22 for receiving solid
phase material transported from the filtration unit 10. Side walls 24 contain
the solid phase material as it enters, oris exposed to, the lower pressure in
the depreSsurizing chamber 20. The lower pressure of chamber 20 is
preferably about atmospheric preséuré, although higher and lower pressures
can be used in chamber 20. Depressurizing chamber 20 has at least one
outlet 25 for discharging vapor that is formed upon exposure of the solid
phase material to the lower pressure in that chamber. An outlet 25 can be
vented to the atmosphere or connected to a storage and/or recovery system
(not shown). Such a system can aid in the cleaning and recovery of gases
or vaporized liquids that are released from the depressurizing tank 20.

Depressurizing chamber 20 can, optionally, contain a gas, such as an

10
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- inert gas, to limit the reactivity of solid phase material and/or to blanket the
process to prevent ignition. For example, refen'irig to Figure 1,
depressurizing chamber 20 is connected to a source 30 of an iner_t gas, such
as nitrogen, argon, helium or carbon dioxide. As will be appreciatedAby
those of skill in the art, the gas is selected according to the reactivity of the -
solid phase material. | .

‘In another aspect, a slurry filtration system is proviﬁed. One or more
filtration units 10 can be connected to one or mor'e material transports 15
and one or more depressurizing chambers 20. Referring to Figure 2, an
example of such a system is depicted. A source 1 provides slurry 5 to
filtration units 10. Source 1 can indlude a chemical reactor, precipitation
unit, extraction unit, waste ‘processor, or other suitable supply of a slumry
containing solid and liquid phase materials. Each filtration unit 10 is
connected to a material transport 15. Material transports 15 move solid
phase material to a comchm’ depressurizing chamber 20, although multiple
depressurizing chambers 20 could also be used. Solid phase material is
conveyed from depressurizing chamber 20 via a conveyer 50 (such as a
screw conveyor or other mechanism adapted to transport that mateﬁal) toa:
dryer or other solid phase material processing equipment 60. Conveyer 50
and equipment 60 are preferably adapted for continuous transport and
processing. The rate of operation of conveyor 50 can be adjusted during
us'e in accordance with the slurry feed rate and output rate of solid phase

material. Other configurations of the system are possible,

1
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In accordance with another aspect, a method for separating solid
phase material from a slurry isA provided. The method includes providing a
filtration unit 10 having a vessel 13. The vessel 13 is maintained at a first
préss'ure. The vessel contains filter fnedia 8. Aslurry Sisintroduced into
veésel 13 through an inlet 3. TheAslurry 5 can be provided from any suitable
source 1, such as a chemical reactor, precipitator, extraction unit, waste
prdcéssor. or other suitable'supply ofa slu'ny contain'ing solid and liquid
Phase materials. Slurry 5 is separated into a solid phase material and a
liquid phase material using filter media 8. Optionally, the solid phase
material may be washed. The solid phase material is then transported to a
depressurizing chamber while maintaining the pressure differencé betweeh
the filtration unit and that chamber. The solid phase material is preferably
continuously moved or transferred from the filtration unlit 10 to the
depressurizing chamber 20 tb provide fdr continuous filtration and.
processing of solid bhase material. Advantageously, the solid phase
material is directly and rapidly depressurized as it enters the depressurizing
chamber, without the need for pressure equalizing equipment that is
required in other methods. The solid phase material is preferably
maintained at substantially the first pressure until it enters the
depressurizing chamber. Altermnatively, the solid phase material may be
partially depressurized’while itis transported from the filtration unit to the
chamber. The depressurized solid phase material is conveyed from

depressurizing chamber by any suitable conveying apparatus. Subsequent

12
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steps can include drying the solid phase material andlo_r pr‘ovi'ding that
material to other equipment for additional proces;sing or disp sal.'

Although the invention has been described in terms of ‘pan‘icular
embodiments and applications, one of ordinary skill in the art, in light of this -
teaching, can generate additional embodiments and modifications without
departing from the spirit of or exceeding the scope of the ;lairned invention.
Accordingly, it is to be understoed that the drawings and descriptions herein
are proffered by way of example to facilitate comprehension of the invention

and should not be construed to limit the soopéthereof.

13
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CLAIMS

1. An assembly for continuoué pressure ﬁltration of a slurry, the assembly

comprising:

- 8 pressurized filtration unit comprising a vessel maintained at a first

pressure, filter media in said vessél for separating said slurry into
a liquid phase material and a solid phase material, a liquid outlet
for discharge of said liquid phasé maten'al.'and a solids outlet for
discharge of said solid phase material from said filtration unit;

'a depressurizing chamber maintained at a second and lower pressure
than said first pressure, said chamber having a solids inlet
receiving said solid phase material from said filtration unit and '
containing the solid phase material as it is exposed to said second
and lower pressure; and |

a material transport between said solids outlet of said filtration unit
and said solids inlet of said chamber for maintaining the pressure
difference between said filtration unit and said chafnber and for
continuously moving said solid phase material from said solids
outlet of said filtration unit into said chamber

whereby said solid phase material is depressurized from about said
first pressure to said second and lower pressure.

2. The assembly according to claim 1, further comprising:

a source of slurry connected to said filtration unit,

3. The assembly according to claim 2,

14
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wherein said source of said slurry is a chemical reactor;
4. The assembly according to dlaim1, further corﬁprising:
a source of an inert gas connected to said filtration unit’
5. The assembly according to claim 1, further eompn'sing_:
a dryer connected to said chamber for receiving solid phase material”
from said chamber. |
6. The assembly according to dlaim 1, further cqmprising:
a conveyer for transporting solid phase material from said chamber to
a dryer.
7. Thé assembly according to claim 1,
wherein said material transport is a rotary valve having a housiﬁg with
an inlet and an outlet and a rotor with a plurality of vanes, said
housing inlet being in communication with said filtration unit outlet,
said housing outlet being in communication with said
depressurizing chémber inlet, at least some of said vanes exposed
at said housing inlet, at least some of said vanes exposed at said
housing outlet, and at some bf said vanes in sealing engagement
with said housing.
8. The assembly according to claim 1,
wherein said filtration unit is a rotatably mounted cylindrical filter.

9. The assembly according to claim 1,

15
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wherein said solid phase material is crystalline at a temperature

greater than the boiling temperature of the liquid at the second

pressure, -

10. A system for pressure filtration of a slurry, comprising:

at least one pressurized filtration unit comprising a vessel maintained

at a first pressure, filter media in said vessel for separating said

- slurty into a liquid phase material and a solid phase material

containing liquid, a liquid outlet for discharge of said liquid phase

‘material, and a solic‘is.outlat for discharge of said solid phase

material from the filtration unit;

a source of inert gas;

at least one depressurizing chamber receiving said inert gas and .

holding said inert gas at a second and lower pressure than said
first pressure, said at least one chamber having an'inlet receiving

said solid 'phase material from said at least one filtration unit, said

. chamber containing the solid phase material as it is directly

exposed to said second and lower pressure, and having an outlet
for discharge of vapor formed upon exposure of said solid phase

material to the lower pressure; and

at least one material transport between said solids outlet of said

filtration unit and said solids inlet of said at least one
depressurizing chamber maintaining the pressure difference

between said at least one filtration unit and said at least one

16
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chamber and moving said solid phase material from sald solids
outlet of said at least one filtration unft Into said at Ieast one
chamber; |

wherein said solid phase material has a temperature greater that the
boiling temperature of the liquid contained in said solid phase
material at said second pressure; and |

whereby said solid phase material is depressurized asitis éXposed to
said second and lower pressure such that the liquid in said solid
phase material is vaporized.

12. 1"_he system according to claim 11, further comprising:

a source of slurry connected to said at least one filtration unit.

13. The system according to claim 12,

wherein said source is a chemical reactor.
14. The system according to claim11, further comprising:

a conveyer for conveying said solid phase material from said
chamber. |
15. The system according to claim 11‘, further comprising:

at least one dryer connected to said chamber for receiving said solid
phase material.
16. The system according to claim 11,

wherein said material transport is a rotary valve having a hbusing with

an inlet and an outlet and a rotor with a plurality of vanes, said

housing inlet being in communication with said filtration unit outlet,

17
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said housing outlet being in communication with said
depressurizing chamber inlet, at least some of said vanes exposed
at said housing inlet, at least sofne of said vanes exposed at said
housing outlet and at some of said vanes in sealing engagement
with said housing.
17. The system according o claim 11,
wherein said at least one filtration unit is a fotatably mounted
cylindrical filter.
18. The system according to claim 11,
| wherein said solid phase material is crystalline.
19. The system according to claim 11,
wherein said second pfessure is atmospheric pressure,
20. The system according to claim 11, further comprising:
an adapter connecting said filtration unit to said material transpont.
21. A method for pressure filtration of a slurry, comprising:
providing a filtration unit having a vessel mainta‘ined at a first pressure
and filter media;
introducing a slurry to said vessel;
separating said slurry into a liquid phase material and a solid phase
material;
continuously transporting said solid phase material from said vessel -
to a depressurizing chamber while maintaining a pressure

difference between said filtration unit and said chamber; and

18
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depressurizing said solid phase material in said chamber to a second
and lower prassure than said first preséure.

22. The method according to daim 21, further compn‘siné:
providing a source of inert gas to said filtration unit

23. The method according to claim 22, further compn‘sfng:
providing a source of inert gas to said chamber. |

24, The method according to claim 21, further cqmpn‘sing:
venting vapor formed during said depressurizing of said solid phase

material. |

25. The method according to claim 21, further comprising:
conveying said depressurized solid phase material to a dryer.

26. The method according to claim 24, further comprising:
drying said depressurized soiid phase material.

27. The method according to claim 21, . .
wherein said tfansporting of said solid phase material to said at least
one depressurizing chamber is continuous.

| 28. The method according to claim 21,
wherein said second pressure is about atmospheric pressure.
29. The method according to claim 21, further comprising:

providing said slurry from a chemical reactor.

19
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